Finance theory argues that when financial markets drop, substitute investments, like gold, rise. Differently from previous works, in this study we have an initial attempt to link fear gauge index, commonly known as the VIX, to gold price in order to test whether gold price is motivated by the VIX or the vice versa. We employ a recent data from the U.S., and find that in stable periods there exists a bi-directional causality between fear and gold prices, whereas during non-stable periods (such as the current market crises) it seems that gold price returns drive the VIX changes. Both findings support the claim that gold still the shelter to fear.
INTRODUCTION
Previous studies have intensively investigated the issue of gold price volatility. However, none of them, as far as we know, have attempted to investigate the relationship between gold prices and fear measured by the Volatility Index (VIX) which is commonly known as the "Fear Gauge" (see Whaley (2000) ). The VIX measures 30 days expected volatility of the S&P500 index. The components of the VIX are implied volatilities of S&P500 options derived from near and next-term put and call options on Chicago Board Options Exchange (CBOE). Near-term options must have at least one week to expiration in order to minimize pricing anomalies that might occur close to expiration. When the market falls or rise dramatically investors tend to vastly sell or buy stocks, respectively, causing strong fluctuations in options volatilities documented by the VIX. In the middle of the current economic crisis the VIX toped 80 score (October 2008) indicating of a major market panic, while in more eased investment periods it fluctuates around 20. The fact that market movements are causing the VIX to rise and fall according to investors sentiments is known, however little is known about the linkage between the VIX and the price of gold. Traditionally, gold has been regarded as safe haven to risk. However, recently, gold price has been fluctuating in accordance to other commodities prices that are influenced by the economics conditions, raising the question, is gold still a shelter to fear. In this study we are going to examine the dependencies of the VIX and gold prices between 2004 and June 2009. The remainder of this study is organized as follows: Section 2 provides the scientific background; Section 3 describes the method and the data; Section 4 presents the empirical results; and Section 5 concludes the study. Scientific Background : As mentioned above, the VIX is based on options implied volatilities. The implied volatility is typically higher than realized volatility because of the risk premium built upon options. Traub et al. (2000) have found that the realized volatility of the S&P500 from 1985-1999 was 14.7% while the implied volatility at that time was 19.8%. Toikka et al.(2004) found a -0.49% correlation between one week S&P500 and VIX return when there was market return between -1% and 1%, but the correlation magnitude was even higher when the S&P500 returns were below -3%. Ang et al. (2006) argued that stocks with high idiosyncratic volatility tend to under perform the market and that this phenomenon can not be explained by liquidity effects. Blitz and Vliet (2007) argued that investors, who are not benchmark-driven and are willing to apply leverage trading, should buy low volatility stocks and shorting high volatility stocks. Other researches found that implied volatilities (which comprise the VIX) are a more efficient forecast for future volatility than historical volatility (see, e.g., Christensen, Hansen and Prabhala (2001), and Ederinton and Guan (2002) . Kazemi, Schneeweiss, and Martin (2003) found a negative relationship between hedge funds performances and the VIX. Other researchers have also focused on gold prices behavior. Aggarwal and Lucey (2007) have documented that prices in round numbers act as barriers with important effects on the conditional mean and variance of the gold price series around psychological barriers. Blose (2009) have found that surprises in the CPI (Consumer Price Index) do not affect the gold spot price. Moreover, he found that gold prices couldn't determine market inflation expectations. David, Chaudhry and Koch (2000) have found that that as appose to Blose (2009) Gold respond strongly to the release of CPI, unemployment rates and gross domestic product. Sjaastad (2008) found that floating exchange rates among the major currencies have been a major source of price instability in the world gold market and, as the world gold market is dominated by the U.S. dollar bloc, appreciations or depreciations of the dollar would have strong effects on the price of gold in other currencies. In the present study we examine the interdependence between gold price and the VIX in order to understand is gold serves as a shelter to market fear or perhaps gold price fluctuation is the driver of market fear. Moreover, since, as noted above, gold prices are affected by the dollar strength against other currencies, we would conduct our test using real terms of dollar value using the euro value as a benchmark.
METHODOLOGY AND DATA
In order to understand the relationship between gold price and the Fear Index, we used daily prices of gold and VIX scores. As mentioned in Section 2, Sjaastad (2008) and others have found a significant relationship between gold price and the U.S. dollar strength against other currencies. To eliminate the exchange rate effect from the GLD prices, we modify it by dividing the price of gold by the spot Euro/Dollar exchange rate. We modeled a simple linear regression that links the VIX rate of change (∆VIX t ) to the modified return of the gold price (∆G t ). However, the econometric literature argues that OLS estimation may result in an econometric misleading effect of autocorrelated errors, resulting in misleading inferences, or non-constant error variances over time (heteroskedasticity). To prevent the autocorrelation problem, we include lagged regressors in the mean equation, and to prevent the unstable variance problem over time we allow the variance to vary over time. Therefore, we utilize the maximum likelihood function for estimating the model. Hence, we employ the following regression:
where α is an intercept, β 1 represents the magnitude of previous return of gold on the VIX rate of change. The ∆VIX t-k variable is included in the regression to avoid the autocorrelation problem and and k represents the lag length, and ε t is the error term. To allow the variance to vary over time we present the Generalized Autoregressive Conditional Heteroskedasticity (GARCH) developed by Engle (1982) and Bolleslev (1986) , as in Equation (1.1) 
where: ε t and ν t are random errors. For each equation, we test the next hypothesis to determine how much of the current VIX can be explained by past changes in the values of ∆G and vice versa.
Note that Granger's causality model measures precedence and information content but does not imply that the S&P500 is the effect or the result of the DY. The underlying assumption is that the return series considered are stationary in the first difference, namely I(0).
The gold price utilized here is as reflected by the daily prices of the GLD Exchange Traded Fund (ETF) that follows gold price. Our sample, which is extracted from the Yahoo Finance website, covers the period starting from November 18, 2004 to July 22, 2009. The justification behind the starting date is the inception of the GLD ETF. The main characterize of the sample period is that it contains two market condition types: (1) stable-rising prices in the capital market (S&P 500) represented by low values of the VIX; and (2) Crisis -represented by higher scores of the VIX. Figure 1 exhibits the VIX scores and the GLD ETF prices over the sample period of time while Table 1 contains the descriptive statistics of the rate of change of the VIX and the GLD prices. Notes: Figure 1 exhibits the VIX scores and the GLD ETF prices over the sample time period. Notes: Table 1 exhibits the descriptive statistics for the VIX rate of change and the return of gold price as denominated by the GLD ETF prices, respectively. J-B is the Jarque-Bera statistic for testing normality, and n denotes the number of observations
RESULTS
The skewness and the kurtosis in Table 1 indicate that the series are positively skewed and the kurtosis exceeds 3, implying that the distribution is peaked (leptokurtic) relative to the normal distribution. Also, according to the Jarque-Bera statistic, the hypothesis that the series is normally distributed is rejected at the 5% level for both variables in the sample.
We assured that data is stationary in first difference (results are not presented here) by employed two tests: (1) Augmented Dickey-Fuller (ADF) test -one with a constant and the other with a constant and linear time trends; and (2) the Phillips-Perron (PP) test in two similar forms -one with a constant and the other with a constant and linear time trends. Table 2 exhibits the estimation results of Equation (1) and (1.1) which present the mean and the variance equations, respectively. Notes: Table 2 reports the estimation results of Eqs. (1) and (1.1). Eq.
(1) models the rate of change of the VIX, while Eq. (1.1) estimates the GARCH equation. α, β 1, γ 1 and γ 2 are related to the mean equation, and ω 0 , α 1 , and α 2 are related to the GARCH equation. n denotes the number of observations, while (*) indicate significance at 1%.
β 1 is positive and statistically significant indicating a positive impact of previous gold return on the following trading day VIX value. In addition, γ 1 and γ2 are negative and statically significant implying that previous VIX rate of change lower subsequent values of the VIX. The lag-length k was set as 2 according to Akaike and Schwartz criterions.
The ARCH and the GARCH coefficients ( 1 α ) and Table 2 has been found positive statistically significant, indicating a good fit for the proposed model.
As noted in the preceding section, Eq. (1) does not provide any notion with respect to the precedence or the causality of the co-movements of gold and VIX. Therefore, we applied the Granger (1969) procedure to test for causality between these two variables and the results are summarized in table 3. Table 3 .1 shows the Granger causality test results for the whole sample period. The findings indicate that the hypothesis that VIX rate of change does not Granger causes the gold price return was not rejected (at either lags 2 or more) as implied by the high degree of probability or the low F-statistic. Conversely, the hypothesis that gold prices return does not Granger causes the VIX was rejected at the level of 1% (at either lags 2 or more), implying that gold prices returns Granger-causes the VIX., i.e., ∆G helps to predict the ∆VIX. Table 3 .2 show the existence of bidirectional causality between both variables-∆G and the ∆VIX. Table 3 .3 presents the Granger causality test results between ∆G and the ∆VIX for the rest of the sample pried. This period is typified by high values of VIX. This table shows that the hypothesis that ∆VIX does not Granger Cause DG is not rejected, implying that the VIX does not drive the gold price. However, the hypothesis that ∆G does not Granger Cause DVIX was rejected. This result is consistent also for the lags 2-4. This finding seems to be interesting since it determines that the capital market in high volatile periods seems to be attentive to the changes carried out in the gold market. Notes: (*), (**) and (***) indicates significance at the 1%, 5% and 10% levels, respectively.
SUMMARY AND CONCLUSIONS:
The financial literature tends to award high credit to the volatility index (VIX) due to its being a market determined forecaster in contrast to other volatility measures which employ certain degrees of smoothing of past volatility. The superiority of the VIX -as documented in the literature -and the special position of gold along the human history urged us to study the relationship type between the VIX and gold price.
This study provides further aspect on the relationship between gold price and the capital market previously was not examined. We study the relationship between gold price and fear sentiments of the market participants as reflected by the fear gauge quantified by the VIX. In the present study we use recent data from the U.S. and find that the VIX is positively affected by previous day gold return, implying that the rising in gold prices lead to higher fear level. In addition, we find that for low volatile periods during which the VIX fluctuates around 10-20 and the capital market exhibited stable and/or rising in prices -there were a significant bi-directional causality, whereas during the rest of the sample period -in which the VIX exceeded 20-the gold returns were found to be granger causes the VIX. These findings indicate that investors still consider the gold as a substitute investment in the presence of high uncertainty in the capital market.
The results obtained here may shed more lights on the interdependence between the volatility in the capital market and its reflection on other commodities price. In addition, direct implications can be applied to portfolio management.
